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(54) QAM de-mapping circuit 

(57) According to the invention, information from a 
differential decoder (1) receiving the MSB of the in- 
phase component and the MSB of the quadrature com- 
ponent is used to derotate the LSBs of the in-phase 
component and the LSBs of the quadrature component 
into the first quadrant with a rotator (2). Then only one 
quadrant is demapped by a single quadrant demapper 

FIG.1 



(3). Thereby, the look-up table necessary for the dema- 
pping circuit is reduced considerably. The output signal 
of the QAM de-mapping circuit is build from the dema- 
pped LSBs of the in-phase and quadrature components 
output by the single quadrant demapper (3) and the out- 
puts of the differential decoder (1). 
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Description 

[0001] [. The invention relates toe QAM de-mapping circuit. .More particularly, it relates to a QAM de-mapping circuit 
used in a receiver according to the digital multi-programme system for? television, sound and data services for cable dis- 

5 tributioa ; --r-v ; : - •:' • ■ i\. vy-..* '• -v- 

[0002] A draft for an. European Telecommunication Standard (ETS) has been: produced in August 1994 under the 
, authority of the Jotnt Technical Committee (JTC) of the European Broadcasting Union (EBU) and the European Tele- 
communications Standards !n,stitiite;(ETSI): This draft ETS describes modulation, channel coding and framing structure 
for digital multi-programme television by cable. It is based on the: studies carried out by the European Digital Video 

10 Broadcasting (DVB) project , : % ^ v„ r #1*.- .? * • ^ - • 

[0003] According to this draft ETS the cable system is defined as functional block of equipment and the following proc- 
ess Is applied^as rhoy/n in figure figure 3f shows the conceptual iblock diagram, of elements at the cable head-end 
: andthe receiving site^-r- - ?>\*.'-' ' 4 - ■:w:;v:-;-...,i;:;;::-j:: -Or.v;"^ i/ir- -rv 
[0004] In the cable headf end a baseban&interface 31 serves as conhection to local MPEG-2 program sources, con- 

15 tribution links, re-multiplexers, etc.. This data is sent in MPEG-2 transport mux packets to a base band physical interface 
32 that adapts the data structure to the format of the signal source and performs a synchronization in accordance with 
a clock signal. Here, the framing structure is in accordance with MPEG-2 transport layer including sync bytes. 
[0005] Thereafter, the Synd-Byte is inverted according 1 to the MPEG-2 framing structure in a Synd inversion & ran- 
domization circuit 33 that also randomizes the data stream for spectrum shaping purposes. The resulting data stream 

20 has a width of 8 bit and is led tea Reed-Solomon coder : 34 thatapplies a.shpr^ened Reed-Solomon code to each ran- 
domized transport packet to generate ah error-protected packet. This coctefe also applied to the sync byte itself. There- 
after, a convolutional interleaver 35 performs a depth l = 12 convolutional (interleaving of the error-protected packets. 
Here, the periodicity of the sync bytes remains unchanged. ~ ~ f ; 

[0006] The bytes generated by the interleaver 35 are converted into QAM symbols in a byte to m-tuple conversion 
25 stage 36. The resulting output signal has a widthr of m bit. In order to get a rotation-invariant constellation, a differential 
encoding stage 37 following thereafter applies a differential encoding of the two Most Significant Bits (MSBs) of each 
symbol. 

[0007] The final stage in the cable head-end is a QAM modulation and physical interface 38 that performs a square- 
, root raised eosinefiltering of the I and Q signals prion to QAM^nc^ulationUrThus is followed by interfacing the QAM mod- 
30 ulated signal-to a RadiO;Frequency (RF) sable <&annel:40> r ?y;.s ;v : . >i-- > ^n - . ; . j-: i^r^c:- 
,[0008] , AH devk^S;33 ^ 

same clock signa! asthefoaseband physical interface 32and additionally axontrcfl signal of the Syne 1 inversion &ran- 
- - domizatson cjrcurt 33, :: :■;■/_:■ \--^ y i>«\ y • Vy; " *s:>cviw * :. •> 3'vi.-:.-5 : v;:K:-. --'yy. xy- .-■ - ■ 

[0009] The cable receiver performs theinversesrgnat processing, as described for the modulation process abov e, in 

35 .crdesvto recover the basebandsighal. ; U-zi q; ;■<-:■*:■-. ^** > c r' '-v.- \p~' - :'-v 

[001 0] Therefore, the signal from the RF cable channel 40 is received by a RF physical interface & QAM demodulation 
, circuital that; sends a controi signal to^a carrier & clock & ; sync recovery circuit 49 synchronizing arid/or controlling all 
circuits of the cable receiver and the QAM demodulated signal to a matched fitter &:equalizer circuit 42. - a." 
[00111 The output signal from the matched.filter & equalizer, circuit*42 ftas'a width of m bit and is sent to a differential 

40; : decoder 43, whereafter it undergoes a symbol to byte mapping \n a^symbol to byte mapping circuit 44. Here, the output 
■ signal has a width of 8 bit. ov .-- ."\- yy ■'' ■ Y,<r v.--.. L . X;yv ";: c;;y. .y • n:- v - :>. ,-\ ■ <■ • • : - -.: • • " • 
[001 2] The next stage is aiconvolutional deirrterleaving in a convolutional deinterieaver 45. The convolutianal deinter- 
leaved, but still error-protected packets pass through a Reed-Solomon decoder 46 and a Syncl inversion & energy dis- 
persal removal circuit 47 before they reach a baseband physical interface 48 that produces MPEG-2 transport mux 

45 packets according to the local MPEG-2 programme sources, contribution links, remurtiplexers, etc. and a clock signal. 
[001 3] As the present invention mainly concerns the differential decoding in the cable receiver, the following descrip- 
tion^!! be only directed Xo this stage and the corresponding stage in the cable head^end. < - ~ 
[0014]: , in the cable head-end, .after, the byte to symbol mapping,, the two significant bits of each symbol will then be 
differentially coded in order to obtain a tc/2 rotation-invariant QAM constellation. The differential encoding of the two 

so ■'- MSBs shall foe given by; the f dlowJ ng ^expression :• r- : ; : : kj. :i :^ <w; i = ^ , . j . : 1 • : : 

55 Qk => (Ak © Bk) ^Sk'S'Ok-l-J^^tAk -® Bk) * (Bk' ® Ik-l)- 



BNSDOCtD: <EP 0896458A1_L> 



2 



ERG 336 458 A1 



[0015] Figure 4 gives an example of the implementation of the byte to symbol conversion. In the example shown in 
Figure 4, 8 bits parallel supplied to the byte to m-tuple conversion circuit 36 from the convolutions interieaver 35 par- 
tially undergo a differential encoding in the differential-encoder 37 before being supplied to 'a- mapping circuit 37b that 

5 belongs to the differential decoder 37. Only the most significant bits \, B k at the output of the byte to m-tuple converter 
36 are led to the differentia!- encoder 37; .The differential encoder 37 then produces the most significant bits Q k , l k of the 
in-phase and quadrature phase components of the modulated signal. The mapping circuit 37b dso receives the lower 
q bits of the byle to m-tuple conversion. For 16-QAM q equals to 2, for 32-QAM q equals to 3 and for 64 -QAM q equals 
to 4. The mappinglcircuit 37b outputs the in-phase component ! and the quadrature cdmporieht Q; j 

w [001 6] The modulation of the system is a quadrature amplitude modulation (QAM) with 1 6f 32, or 64 points in the con- 
stellation "diagram. - '! * -v ';■■"> k T r ; .* iz' *r \ * •* :- s ; -i.r>!:^ ■ - 
[0017] The system constellation diagrams for. IS^QAM, 32<5AM artd'64-QAM aregivgn in Figure 5a toe, respectively, 
assuming that l k and Q k are the two MSBs in each quadrant. As shown in Figure 5, the constellation points in quadrant 
' .1 shall be converted taquadrants:2r3 and '4; by changing the :tvto v MSBs^(f;e^&^'QJ by rotating theq LSBs 

75 ;. according to the following-rule 'giv^^ ■ *' : — * •* - 





o; ^-.v .*• 2: r- <-0 
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[001 8} Thexfrfferentialdecoder. 43 sirrtply serves to perform the signal processing inverse to tfiat described above. A : ^ 

30 unit combining a conventional de-mapping circuit and a conventional differential decoder is shown in Figure 6. 

[0019J,- In Figure 6 a.n bit signal arrives at a four quadrant derhapp^ 50 to 1 assign the data bit va^ Figure 
5 to received signal ampJitudes. T3ie n:brts output by. ; the four quadrant demapper -50 are split up into two MSBs which 
undergo a differential decoding in a differential decoder 1 and n-2 LSBs. After the differential decoding, the two MSBs 
are;recocnbined with.the n-2 LSBs,rbeforeTi *brt are^iven out tq4 • *- ^ 

35 [0020] The conventional four quadrant demapper 50 uses a look-up table, whichmusthave the size 2" times n bit. 
:.; . For-64*QAM is n=6 and the size of the look^uptable is 2? w6 =^64 ^. 6 = 384bits. ' J = * ■ « : - 

[0021] It isithe object of the invention to provide a QAM<iemapping circuit responsible for <he differentiaMecoding, TSUc'JS 
that has a simple structure and a reduced size for the look-up tables , -~ v . * - ^ \ _ 

[0022} r This object is solved by a.QAM dei^mapping circuit, comprising a differential decoder to perfom a differential 

40 . .decoding of 2 Bits of each n Bit symbol received, characterized by a rotator to derotate the othern-2 Bits of each n- Bit 
symbol received into the first quadrant on the basis of the 2 Bits of each n Bit symbol supplied to the differential decoder, 
. and a single quadrant demapper to assign data bit values to received signal amplitudes on the basis of the derotated 
n-2 Bits of each n Bit symbol received? wherein 2 output signais of the QAM de-mapping circuit are derived from the 
differential decdder.and nr2 output signals of the: QAM de-mapping circuit are.dearived from said single quadriant dem- 

45 apper. - ; ■ -\ r\r-. . :c\>: < . . o:':, . \ j- f .. " ~: ■ 

[0023] Further preferred embodiments of the invention are defined in the dependent claims 2 to 8. 
[0024] In particular, said rotator comprises only- n-2 inverters; preferably two groups 'of- 1 (n-2)/2 inverters, 2 - (n-2) 
; switches. prelfirrably four.groupsiof (nt2)/2 switches, and one exclusiverorigate to perform'its operation. This rotator is 
v defined independent claim 3,* f -. -\; > • ./^O : .-: ' ••: mien . -;■ 

so [0025] Also the single quadrant demapper can be built only with a few elements,; e.gi four exclusive-or-gates for a 256- 
QAM, two exclusive-or-gates for a 64-QAM or only two lines for a 1 6-QAM. The design of these respective single quad- 
rant demappers is defined in claims 5, 6 and 7, respectively The single quadrant demapper can also be a look-up table 
with a reduced size in comparison to the conventional look-up table for th§ fppr quadrant demapper. 
[0026] Further objects, features and advantages of the present invention will, become apparent from the following 

55 description of a preferred embodiment thereof taken in conjunction .with the drawings; wherein: 

Figure 1 shows a block diagram of a demapping circuit according to the invention; 

Figure 2 shows a detailed circuit diagram of a preferred embodiment of the demapping circuit shown in Figure 1 ; 



3 



BNSDOCID: <EP 0896458A1J_> 



EP 0 896 458 A1 

Figure 3 shows aconceptionai diagram of demerits at the cable head-end and receiving site of the digital multi-pro- 
gramme system for television, sound and data services for cable distribution; 
Figure 4 shows' an example implementation of the byte to m-tuple conversion and the differential encoding of the 
. twoMSBsin the cable head-end shown in Figure 3; ' ; : . * : ' 
5 Figures shows constellation ^diagrams for 16-QAM, 32-QAM aiid 64-QAM; and 

Figure 6 shows a conventional demappirig circuit, which correspbnds to thfe differential decoder 43 shown In the 
" cable receiver of Figured ; ' ' , . ; ' - ■■ ■ 

[0027} The four quadrant^demapping circuit according to ihe invention shown in Figure 1 comprises a differential 
w. "decoder 1 . a rotator 2 and a single quadrant' demapper 3. The Incoming h bit signal -Is split up into the MSB of the in- 
phase component and ^ of the quadrature Component/ which are led to the differerrlial decoder 1 /atid in the n- 
2 LSBs of both components, whiclTare fed to this rotator 2. Here, the LSBs are rotated by 0 e , 90°, 180° or 270° on the 
. basis of the quadrant information that is L g^ dedoder 1. In a preferred embodiment, the quadrant 

information can be directly derived from the MSB of the in-phase component and the MSB of the quadrature compo- 
is nent. The n-2 bits rotated for c exarnple into the first quadrant are then fed to a Single quadrant demapper 3 that assigns 
data bit values to received signal ampiitudes/ the differential decoder 1 performs a differential decoding of the MSB of 
the in-phase component arid the MSB otthe quadrature component, like alsothe differential decoder 1 shown in Fig. 6 
■i does. The two bits of the differential decoder i and the n-2 bits of the single quadrant demapper 3 are then recombined, 
before they are fed to a further processing stage, like the symbol to byte mapping circuit 44 shown in Figure 3. - 
20 [0028] Figure 2 shows a detailed circuit diagram of a preferred embodiment of the demappihig circuit Shown in Rgure 
1 . In this embodiment n is'set td l 8 which implies^that a : 256 QAM can be demawed. v The 8 bit input signal conipVises a 
4 bit in-phase component fed to anl input and a 4-bifquadrature component fed to a Q input: The rotator 2 rotates every 
input signal into the first quadrant and supplies the rotated signal to a demapper 3 for the first quadrant. The MSBs of 
the in-phase competent and the quadrature comment are fed to the rotator 2 and the differential decoder T: The out- 
25 put signal of the demapping circuit is built by six bits from the demapper 3 and two bits from the differential decoder 1. 
" [0029f It is presupposed that the ih-phase and the quadrature components are in a two's conpfemenf notation . 
[0030] The rotator 2 into the first quadrant receives at its l-input three' lower t5tts of the in-phase component and the 
corresponding MSB. The three lower bits are fed to first inputtermlrials 7c of a first switch 7 and via three inverters 4 to 
second input terminals 7b of Said first switch 7. The f ir^f J ^iteft 7 is eontroli^ to conr.ectite threS dulput t^minals 7a 
so- either to rls three first input terminals 7c or its threVsecorid input terminals ^dependent oh'freMSBof trte; in-phase 
component. If the MSB of the in-phase component equals io "6" ttfe three bu^put 1 terminals 7a ^are donnected to the 
three first input termirials r 7c and if the MSB of theiri^phase tornpbrients ^uafs to M " tp three output terminate 7a are 
connected to the three second input terminals 7b. 
- [G031] • Wrtespdhdihgly, : the 4 brt -qa^ra^re : fedmpbh6^ is-aftitintb ih^lSww'bife antfthe cbrresporidirlgj M*iB at 
the Q Input of the rotator 2. The three lower bits are fed tserthree first input tei'rnirtals se of a second switch 8 and through 
three inverters S to three second input terh^hals 8b«'said second switch' ^ of fhe second 

switch 8 are cohtrblled to be either connected to the three first input terminals 8c or the second Input terminals 8b of the 
second switch 8 dependent on the MSB of the quadrature component.^ the MSB of the quadrature component equals 
to "0", the three output terminals 8a are respectively connected to the three first input terminals 8c and if the MSB equal 
to "1 the three output terminals 8a are respectively connected to the three second input terminals 8b. 
[0032] The three output terminals 7a of the first switch 7 are respectively connected to three second input terminals 
9b of a third switch 9 and to three first input terminals 10c of a fourth switch 10. The three output terminals 8a of the 
second switch 8 a. a respectively connected to three first input terminals 9c of said third switch 9 and to three second 
input terminals 10c of said fourth switch 10. Three output terminals 9a of said third switch 9 constitute a first group of 
45 output terminals of said rotator and three output terminals 1 0a of said fourth switch 1 0 constitute a second group of out- 
put terminals of said rotator 2. The three output terminals 9a of said third switch 9 and the three output terminals 10a 
of said fourth switch 1 0 are controlled to be respectively connected either to the corresponding three first input terminals 
9c 1 0c or the corresponding three second input terminals 9b, 1 0b in dependence of a control signal. 
[0033] Said control signal controlling said third and fourth switch is generated by an exdusive-or-gate 5 that receives 
so the MSB of the in-phase component and the MSB of the quadrature component at its two input terminals. The three 
output terminals 9a of the third switch 9 are respectively connected to the three second input terminals 9b of said third 
switch 9 when said control signal equals to "0" and are connected to the three first input terminals 9c of said third switch 
9 when said control signal equals to "1". The three output terminals 10a of said fourth switch 10 are connected to said 
three second input terminals 10b of said fourth switch 10 when said control signal equals to "0" and are connected to 
55 said three first input terminals 1 0c when said control signal equals to " r . 

[0034] The first group of three outputs and the second group of three outputs of the rotator 2 are fed to the demapper 
3 for the first quadrant. The least significant bit of the first group of outputs is fed to a first input terminal of a second 
exclusive-or-gate 1 1 . The most significant bit of said three bits of the first group of outputs in fed to a first input terminal 
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of a third exclusive-or-gate 1 2, The middle bit of said first group of outputs jn fed to second input terminals of t said sec- 
ond exctusive-or-gate 11. and said third. exclusive-ornate ,12. .. - .. .■ 

J0035] Correspondingly the least signif icant bit of said three .outputs. of the second group of outputs is fed. to a first 
input terminal of a fourth exclusive-or-gate 13, the most significant bit of said group, of outputs is fed to a first input ter- 
£ minal of a fifth exclusive-or-gate 14 and the middle bit of said second, group of outputs is fed to second input terminals 
of said fourth ex.c!usive-or-gate 13 and said fifth exclusive-or-gate 14. . ; .- ■ 

[0036] The outputs of said demapper 3 for the first quadrant are build from the following signals in the order of the 
least significant bit to the most significant bit: DO, which is the least significant bit of the demapper 3, equals to the out- 

. . put signal pf the second exclusive:Or-gate 11;- D1equals.;to the : output signal of the . fourth exclusive-or-gate. 13; D2 

io equals to, th e output signal of the third exclusive ro^gate 1 2\ D3 equals-to thje putput signal, of the-fifth exclusive-or-gate 
14, D4 equals to.the mpst significant bit.of saidjirst group of outputs of the, rotator that.is^also supplied to the first input 
terminal of the third exclusiyerpr-gate 12>--and.p&, which is,the.mosfl,&^^^ of the outputs of the demapper D3, 

equals to the mostjSignifica.nl bitof the second group of outputs of the rptator 2, which.cs ; a|sp supplied to the first input 
terminal of the/fifth axqlusiye-pr-gate 14 t y-i, h ^ ~. :]r . : v, : , , n \ ;v vv^. vi -v. .» n 

is [0037], The two highest bjts of the whol ! e demappmg ,ci.rcurt are suppled from thedjff erential decoder 1 . The differential 
decoder 1, receives the MSB; of the in-phase . component and theJvlSB oi th$ qu^ratureicpmpcnept and feeds them to 
a look-up table ,16, The look- up : tabled 6 also receives: both lyiSBs, delayed by ;of?e symbol c|pck: Dependent on these 
four input signals two output, signal^ . are generator These two putput signals constitute the twp highsst.bits of the whole 
demappipg circuit.- n ^ * _. rt; x.ruc^- jn: v : ^ru : -v . ■ „*■ ; , ■ ■' j .- • 

20 , [0038] ^ The ,rptator r into v the .first quadrant y<qrks as follows: - \ . — : ■ r ■ - ^ , , * ^ ? , : A - f . 

, [0039] .The circuit operates with incoming \ and Q magnitudes, which must be : represented ip two's complement nota- 
tion. In this case, the most significant bite are .the sign bits and can be used to. determine the actual quadrant.of the sig- 

[0040] Switch, positions drawn, the output terminals 7a and 8a are respectively, connected-to t^e first input terminals £ 
25 7c and i8c,and the -output terminals: 9a, and , 10a are respectively connected to the second Jnput terminals 9b and 10b, 

are for both, sign bits equal to "Q". e g; a valye putof thejjrst quadrantvThis way- the inverter ;blocks 4. 6 are not used ■«< 
, and no change of .the. I and Q yalues.takes,place. c , , v !B -wis: r, ^ ;/ c -rs- :> ,". ( .\ : 0 •. 

[0041] . If the, sign bit of I is high-, i.e. "1 ?. -and the sjgn^rt^qf Q is* low. le. "0". the valueis irvthe second quadrant. Now 
the inverters4 for^the i:Sig^ . , r v : . - 

30 . . [0042] > If the signtDit oi l is low - and-the . sign, bit $f OJslii^h^theyalue is in the fourttaquadrant. Now the inverters.6 for " ^ : 
the.Q-signal a^ ; , : " ■ ^ r 

[0043] if both I and O sign bits are high r the value is icytfie ^jrd.quadrajTt/! Ncw : both imrert^ blocks 4, 6 are used, but 1 V 
no swapping of the f and Q values takes place. v t- v. f j _ . : . - - 

. ; 10044] t : . !r>.foe } following, an exampl^fpr^a .tpqkxuj^.table ^,-thjB-dpgre^sd :: d^c^er 1 will be given. When the delayed 
35 , MSB of the in^hase component is termed a ( theidelayied- MSB of the quadrature component-is termed b, the actual : * 
MSB of tr\e iriTphase component is termed c arKl4^ actu^J, MSB^ termed d, the putput r 

; e corresponding i to the MSB;,i.e.,D7, of.the demappinig circuit and the putput ,f corresponding to the output signal D6 of - *o«sr 
thedernapping^circuit are given by theiable 2 belcw. r ; r ^ - t - - > , :/ > : > _ - 
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Table 2 



abed e f 

0 0 0 0 0 0 

0 0 0 1 ,.. ,04 

c 0 0 10 10 

0 0 11 11 

• !: * 0 10 0 10 

" " " o l b' i o 6- 

■ s ... - "v - Q 11 0 1 1 

0 111 0 1 

15 ■ ■ < ; - : -v*-- ■. : - 1 0 0 0 -0 1 ! 

v., :v ;<.:->.; - . 1 0 0 1 i I 1 ■ 

10 10 0 0 

■ 10 1: i , 1 0: 

110 0 11 

20 - - *,,, S > 1 V - . - • . 1-1:0,1^ 1 0 

1^14 0 0 1 . 
... , -. 7 .'1 1 l i.. .0 6 
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[0045] The circuit shown in Figure 2 supports 16. 64 and 256-QAM as defined in the DVB-Standard. For 256 QAM all 
outputs DO to D7 are used! For 64-QAW! only outputs 1 02^6-0? are used. For 16-QAM only outputs D4 to D7 are used. 
The circuit components of the Demapper 3 not used for a QAM of jower order can be omitted if no QAM of higher order 
■ should be' supported: : ■ •> ' - : 70 " ' "' ^ r -' :;; "~ f ' ht "*- 

30 [0046] With the circuit of the invention the size of the complete look-up table is reduced Xg 2 (n " 2) • (n-i2) bits, which fe 
a reduction of (3 • n + 2) ■* 2 (n " ?) -th terms of bits to ^drer As d^rlt^ : abc^ie , ; for a 64-QAM with n=S r the normal look- 
up table size is 2 6 • 6 = 64 ^ s =^384 bttsi wher^s : tNe^uc'ed : io6k-up tablesizeTis2 4 ^ 4 = 64 bits: It follows that (3 
" •■ 6 + 2) - 2 4 = 320 bits are saved. ^ -> : 1 ' ; ^ 

[0047]' According to the prior art, the foflowfng exarnpfe -of a demapper Ic&k~uj5 table as shown in table 3 Is required 

35- for a 16-QAM; r " " '» ■*-^ ^ ^■f>.-;^;; *iM«V l a-yi-T:-.y ^:v, ; ■ ./•),...-• ■-. • ■ 
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[0048] Whereas according to the invention no look-up table is required, since the rotated QO bit is data bit 5 and the 
rotated 10 bit is data bit 4. 

f Claims 

1 . QAM de-mapping circuit, comprising 

a differential decoder (1) to perfom a differential decoding of 2 Bits of each n Bit symbol received, 
w characterized by / ; 

a rotator (2) to derotate the other n-2 Bits of each n Bit symbol received into the first quadrant on the basis of 
the 2 Bits of each n Bit symbol supplied, to the differential decoder (1), and 

a single quadrant demapper (3) to assign data bit values to received signal amplitudes on the basis of the dero- 
tated n-2 Bits of each n Bit symbol received, : ; . 
is wherein 2 output signals of the QAM de-mapping circuit are derived from the differential decoder (1 ) and n-2 

output signals of the QAM de-mapping circuit are derived from said single quadrant demapper (3). 

2. QAM de-mapping circuit according to claim .1 , characterized in that 

' * C 

20 said n Bit symbol received comprises a n/2 Bit inphase component and a n/2 Bit quadrature component and 

both components are supplied in a two's complement notation; 

said 2 Bits supplied to the differential decoder (1) are the Most Significant Bit of said inphase component of 
said symbol received and the Most Significant Bit of said quadrature component of said symbol received; and 
said n-2 Bits supplied to said rotator (2) are the lower Bits of said inphase component of said symbol received 
25 and the lower Bits of said quadrature component of said symbol received. 

. 3. QAM de-rappi^ ■ 

a first inverter (4) receiving said lower Bits of said inphase component and respectively iinverting each -of said 
30 ,^Bits; . , >.,.„ J ,, S - . J} j-, ^Mq^r 'C' ^ ■ r ' , : r * ' " ■ •■. .':>:■ ■ 

: a first switch y (7) havtng,firsi i_np^^:^^^f^K^|t& ^S)-T®?N?®!PtP^©|y . retpeivirig said lower Bits of said inphase. compo- 
" . nentV second^ ^ 

from the outputs of said first inverter (4), and output terminals (7a) to be respectively connected to said first 
... v , . input terminals (7c) r pr said second jnput terminals* (7b) Jn response to said Most Significant Bit of said inphase * ^ 

35 component so that said output terminals (7a) are connected to said first input terminals (7c)-when said Most 

Significant Bit has a low level and to said second input terminals (7b) when said Most Significant Bit has a high 
level; 

a second Inverter (6) receiving said lower Bits of said quadrature component and respectively inverting each 
of said Bits; 

40 a second switch (8) having first Input terminals (8c) respectively receiving said lower Bits of said quadrature 

component, second input terminals (8b) respectively receiving said inverted lower Bits of said quadrature com- 
ponent from the outputs of said second inverter (6), and output terminals (8a) to be respectively connected to 
said first input terminals (8c) or said second input terminals (8b) in response to said Mcst Significant Bit of said 
quadrature component so th,at said output terminals ,(8a) are connected to said first input terminals (8c) when 

45 said Most Significant Bit has a low level and to said second input terminals (8b) when said Most Significant Bit 

has a high level; 

a third switch (9) having first input terminals (9c) respectively connected to said output terminals (8a) of said 
second switch (8), second input terminals (9b) respectively connected to said output terminals (7a) of said first 
switch (7), and output terminals .(9a) constituting a first group of output terminals of said rotator (2) to be 

so respectively connected to said first input terminals (9c) or said second input terminals (9b) in response to a 

control signal so that said output terminals' (9a) are connected to said second input terminals (9b) when said 
control signal has a low level and to said first Input terminals (9c) when said control signal has a high level; 
a fourth switch (10) having first input terminals (10c) respectively connected to said output terminals (7a) of 
said first switch (7), second input terminals (10b) respectively connected to said output terminals (8a) of said 

55 second switch (8), and output terminals (10a) constituting a second group of output terminals of said rotator to 

be respectively connected to said first input terminals (10c) or said second input terminals (10b) in response 
to a control signal so that said output terminals (1 0a) are connected to said second input terminals (1 0b) when 
said control signal has a low level and to said first input terminals (10c) when said control signal has a high 
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level; and 

a first exclusive-or-gate (5) receiving said Most Significant Bit of said inphase component and said Most Sig- 
nificant Bit of said quadrature component and generating said control signal. 

5 4. QAM de-mapping circuit according to claim 3, characterized in that said single quadrant demapper (3) comprises 
a look-up-table having n-2 input terminals respectively connected to said output terminals (9a, 10a) of said third 
switch (9) and said fourth switch (1 0) and n-2 output terminals constituting n-2 output terminals of said de-mapping 
circuit. 

10 5. QAM de-mapping circuit according to claim 3, characterized in that in a case of n=8, corresponding to 256 QAM, 
said single quadrant demapper (3) comprises: _ _ 

a second exclusiveor : gate (11) connected to the first ; c^oujp^of three butput terminals? of the rotator (2) corre- 
sponding to the two bits of lower order < ~ *~ 
75 a third exclusive-or-gate (12) connected to the first group of three putput'terminals of the rotator (2) corre- 
sponding to the two bits of: higher Q.rder;^ ~ - - ra3 - ' ' n - ^ f ~« 

a fourth exclusive-or-gate (13) connected to the second group of three output terminals of the rotator (2) cor- 
responding to the two bits of iower ordeY; f ~ i / ' ; - . ^ 

a fifth exclusive-or-gate (14)* connected to theWccnd group three output terminals of the rotator (2) corre- 

20 spending to the two bits of higher order ~ * ♦ — - - - - 1 " a ; ; " ' "** 

wherein the order of the six outputs or the de : mapping circuit from the lowest to the highest are built by: the 
output of the second exclusive-or-gate (11), the output of the fourth exclusive-or-gate (13), the output of the 
third exclusive-or-gate (12), the output of the fifth exclusive-or-gate (14), the output of the first group of three 
output terminals of the rotator (2) corresponding to the bit of highest order, and the output of the second group 

25 of three output terminals of the rotator (2) corresponding to the bit of highest order. - ; ^ 

6. QAM de-mapping circuit according to claim 3, characterized in that in a case of n=6, corresponding to 64 QAM, 
said single quadrant demapper (3) comprises: 

30 a third excJusive-or-^ate (12) (^rthecteci tb^he first group '6f two output terminals oVthe rotator (2); 

a fifth exclusive-or-gate (1 4) connectedto the second group of two du^ut.tefmina (2); 
wherein the order of the fourVuiputs'of the de-mapping circuit from the loyvest fo |he highest are built by: the 
output of the third exclusive-or-gate (12)^^e "output of the fifth exclusive-or-gate* (fl$f f ;fhe ^output of the first 
group of two output terminate 6f the /c%tpr (2^ corf espbnding to'the brt c^hijgfiest. order, and the output of the 

35 second group of two output terminate of Jhe rotator; (2);correspbn^ing to .the.bit .of, highestorder. 

i. ...< v -'" ■*"* : '- l'*""^ ; " | i * ! ■ 

7. QAM de-mapping circuit according to claim 3, characterized in that fn a case of p=4, ^corresponding to 16 QAM, 
the two outputs of the de-mapping circuit *rom the lowest to the highest are builf by;Jhe output of the first group of 
one output terminal of the rotatcr(2) and the output of the second group of one output terminal of the rotator (2). 



40 



QAW de-mapping circuit according to anyon^^ \ ; 

characterized in that said differential decker v (1)jcornprises: - • ■ 

a delay eierhent ( 1 5) receiving said 2 Bits of said symboi received and delaying \hem fdr one symbol clock; and 
a look-up-table (1$). receiving said delayed 2 ^te and r^id"2 Bits pf sajd symbol received to output the two high- 
est Bits of the output signal pf the de-mapping circuit. j - 
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